We present a sketch of the formulation for obtaining Lie algebraic transfer maps for the solenoid through third order and its effect on the beam of charged particles. We discuss simulation results showing effects of solenoids on the laser driven high brightness photoelectrons for the proposed alternate injection system for Brookhaven Accelerator Test Facility.
I. INTRODUCTION
A brief overview of a Lie algebraic formulation is given in section 11. Using Hamiltonian dynamics we describe the motion of a charged particle through electromagnetic fields. With Lie transformations we obtain the maps and trajectories for a particle along the beamline in a magnetic field (e.g. of solenoid). We discuss the transfer maps for magnetic elements and solenoid through third order and their effects on the beam of charged particles. In section 111 we discuss the effects of the solenoids used in the design of the proposed alternate injection system for the Brookhaven Accelerator Test Facility (ATF) [ 11.
FORMALISM
In this section we present an overview of the formalism used to obtain the trajectories of a particle along the beamline via Lie transformation. Using Maxwell's equations, axisymmetrical fields, and the relativistic equations for the charged particles motion along the beamline we can obtain the magnetic field components everywhere (e.g. of a solenoid given the on axis longitudinal component of the field B, = (B,O,O) ) and its effect on the particles mot ion.
We express the canonical equations in 2n-Dimensional phase space (e.g 6 Dim., in our calculation), as i = 1,2, ... 2n (1) and in terms of the Lie transformations as
where qbi is the value of qbj(t) at t > 0 and I+!J~ (0) is the initial trajectory. The interest is to find solutions to equations of motion which differ slightly from the reference orbit (e.g. the design orbit of an accelerator beamline. Design orbit for solenoid is along z-axis). Thus, we choose the canonical variables, from the values for the reference trajectory (for small deviations) and Taylor expand the Hamiltonian (H) about the design trajectory:
Where H,, is a homogeneous polynomial of degree n in the canonical variables. After transformations to the normalized dimensionless variables, we obtain the effective Hamiltonian HNew , expressed as (6)
Thus the particle trajectory 4 = (X, Px , Y, Py, T, P,) through a beamline element of length L can be described (7) The exact symplectic map that generates the particle trajectory through that element is,
where, M describes the particle behavior through the element of length L. Using the factorization and expanding HNew as in Eq. (6) , we obtain (for a map through 3rd order we need to include terms of f2, f3, and f4). Where f2 = LFz, f 3 = LF3, f.i = LF4, etc.
To illustrate the above formalism, consider the evolution of the motion of particles in an external electromagnetic field described by the Hamiltonian
Where the Lie operator (: H :) is generated by the Hamiltonian , (H), and Lie transformation, could generate the solution to Eq. (2) as where m and q are the rest mass and charge of the particle,
A, and 4 zre_the vector a n i scalar potentials such that
Making a canonical transformation from H to H1
and changing the independent variable from time t to a (for convenience) for a particle in magnetic field (e.g. of solenoid) results in:
Where H = -pt, H I = -p, and t = (z/voz) the time as a function of z . We next make a canonical transformation from H1 to HNew, with a dimensionless deviation variables (12) (13) (14) . For example, the 2nd order effects due to solenoid transfer maps are purely chromatic aberrations (eq. 13). In addition to chromatic effects, we note the third order geometric aberrations (eq. 14). The coupling between X, Y planes produced by a solenoid is rotation about the z-axis which is a consequence of rotational invariance of the Hamiltonian HNew shown by eqs. ( 12-14) , due to axial symmetry of the solenoid field. For beam simulations, M can be calculated to any order using numerical integration techniques such as RungeKutta method depending on the computer memory and space available [3] .
BNL ATF INJECTION SYSTEM
In this section we present some of our calculations and simulation results obtained for the proposed alternate (straight-ahead) injection system which consists of a pair of solenoids and an rf gun placed directly into the linac ~7 1 . Present injection system consists of 2 sets of quadrupole triplets and a 180' achromatic double bend [l] , where beam diverges quickly as it exits the gun and gets large as it traverses through the dipoles and the linac. We have used a pair of solenoids (placed before and after the gun such that B=O on the cathode) shown in Fig. 1 , which controls the beam divergence at the gun exit, reduces the emittance dilution due to space charge forces, and improves the conditions for production of high brightness low emittance beam needed e.g., for Free Electron Laser, and Inverse Free Electron Laser experiments. 
W . SUMMARY
We presented a sketch of the formalism used to obtain Lie algebraic maps through third order for magnetic elements e.g. a solenoid. Xote that, the '2nd order aberration due to solenoid is purely chromatic. We discussed effects of solenoids used in the design of the alternate injection system for the ATF at Brookhaven National Lab. \Vhere a pair of solenoids and an rf gun is piaced directly into the linac, to improve the beam loss and the emittance gowrh at the linac exit (as may be with the present doti-$le bend system). With solenoid+yun+solenoid straight injection into the linac scheme we reduce the emttance dilution due to space charge forces, and produce the beam needed for FEL, IFEL and other laser acceleration experiments. We obtained small emittance (few tenths of cm-mrad) and high brightness of orders oi 1013. The solenoids used in the alternate injection system, controls the beam divergence at the gun exit, reduces the emittance dilution due to the space charge forces on the beam and produces a smaller beam emittance needed for the experiments at ATF. A298 (1990) , and References therein. MARYLIE includes 3rd order maps for solenoid with soft-edge "bump'' function model for the field. We thank h.Dragt for discussions and providing his code. We did not include any results with MARYLIE for our analysis of the ATF alternate injection system with solenoids, since this code does not provide acceleration through the rf gun and the linac. Results with MARYLIE for the beamline without rf and linac accelerations will be given in a separate note. d. Z. Parsa, "Prelimina y Emittance Measurements and
